This report deals with the incorporation of the Otto Bock powered wrist rotator with the Systemteknik child's size electric hand to gain an additional degree of freedom. Technical details are provided and a case study involving a 5-year old girl with bilateral shoulder disarticulation is presented.
Introduction
The unilateral child amputee wearing an electrically powered prosthesis can always preposition the electric hand with the aid of the sound hand. Amputees with a below-elbow stump usually retain a certain degree of anatomical pronation and supination proportional to their stump length. The wrist disarticulation amputee has close to full range of forearm rotations. The prosthetist can therefore take advantage of these residual functions to provide a natural pronation and supination when he considers the design of the prosthesis.
The bilateral child amputee however, and particularly the above-elbow amputee, has no means of prepositioning artificial hands other than by the use of unnatural body movements which can lead to frustrations for both the amputee controlling the prosthesis and the therapist implementing functional training. Also, the use of body movements to achieve hand position is very unattractive and unduly energy-consuming, often fatiguing the amputee before the therapy session is completed. For these reasons, the application of at least one Otto Bock powered wrist rotator is considered to be a necessity.
This report is concerned with the detailed procedures for modifying the Swedish child's myo-electric hand (Model LG1353) to accept the Otto Bock quick-disconnect wrist unit (Cat. #1152), and the Otto Bock wrist rotator (Cat. #10512-6). This modification is of benefit to children in the age range of 2-6 years. A typical case is illustrated in this report. The procedures involved in the modifications of both the Otto Bock components and the Swedish child's hand require some machining by a competent machinist. Some delicate structural changes to the hand are necessary. When completed, the amputee can be expected to gain significantly from the incorporation of this extra degree of freedom.
Modifications
Otto Bock components required 10S145lamination collar. 9S73-6 314 -Otto Bock quick disconnect wrist unit (Usually when ordering this unit one has to state whether a right or left unit is required. In this case the side is unimportant).
9E168-6 -Coaxial bushing. 10S12-6 -Otto Bock 6V powered wrist rotator.
Disassembling the Otto Bock quick disconnect wrist unit 9S73
The quick disconnect wrist unit of the type 9373 consists of the hand chassis, ratchet ring, an '0' ring, disconnect piece and locking unit.
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Before modifying this system, the individual components have to be disassembled. To do this requires the Otto Bock adjustment tool WllS2-1. Secure the adjustment tool in a bench vice and make sure the movement of its handle is not obstructed. Push the wrist unit into the adjustment tool socket until it fits snugly and then crank the handle anti-clockwise to loosen the locking unit. Once this has been removed, the '0' ring llS7, the ratchet ring llS6, and the disconnect piece llS8 come off freely one after another. One is then left with the base plate of the hand chassis 9S75 which has a threaded plastic ring. It will not be possible to remove this rather delicate piece and great care should be taken to protect it during the modification procedure.
In the absence of an Otto Bock adjustment tool W11S2-1, the unit can be disassembled by securing it with the ratchet ring llS6 portion in a vice and then loosening the locking unit portion l l S 2 by anchoring a screw-driver against the segmented teeth on the end and turning it anti-clockwise. It is very important to take great care if this latter method is used so that the thread is not damaged. Bottom, hand chassis modified.
Modifying the hand chassk 9S75
This step is best done by a qualified machinist. Figure 1 , top shows the Otto Bock hand chassis 9S75 with the quick disconnect portion of the unit. Cut off the three hand-frame mounting brackets on the hand chassis and face off the surface so that it is smooth and level. Machine a slot 5mm wide and 0.75mm deep from the cable outlet hole to the edge of the chassis (Fig. 1,  bottom) .
The next step is to drill four clearance holes and countersink them for 2-56 machine screws so that the wrist unit can be secured to the Swedish hand. The hand chassis comes with a number of holes already drilled, and it does not leave much room to drill four more holes, but Figure 2 shows how these ,holes can be best spaced out.
Fig. 2. Location of drill holes for modification of hand chassis.

Lamination collar and the wrkt rotator housing
The Otto Bock lamination collar lOSl series is the socket in which the wrist unit of the hand fits and is mounted at the end of the forearm extension. The lOSl comes in three basic sizes, lOS1-50,45 and 40. The collar is manufactured in two different materials, an inner anodized aluminium core and moulded ABS covering.
1OS1-50 and 10S1-45 therefore have the same anodized aluminium core but have a different thickness ABS cover moulding and the 1OS140 core does not include the moulded plastic case.
For the Swedish hand the smallest collar 1OS1-40, is preferred. The 1OS1-50 or the 45, can be converted to the 40 size simply by cutting off the moulded plasticcase Figure 3 , top, shows the lamination collar with and without the ABS case.
A wrist rotator housing has to be fabricated so that the powered rotator and the lamination collar can be installed Figure 3 , bottom, shows a diagram of the mould for laminating the rotator housing machined out of aluminium or nylon. Figure 4 , top, shows the uncovered Systemteknik child's myo-electric hand. Remove all of the wrist unit system starting with the wrist unit housing, right down to the contact housing. It will be necessary to remove the motor and the gearbox too. They can be taken off by loosening the two set screws on the motor and the gearbox housing. Figure 4 , bottom, shows the Systemteknik hand with the wrist unit system, the motor and the gearbox removed.
Modifying the Systemteknik hand
Place the new modified Otto Bock wrist unit hand chassis which has the four clearance holes drilled for the 2-56 machine screws and by using a marker, trace the location of these holes. Drill and tap the holes for 2-56 screws. Make sure the inside of the gearbox housing is smooth and does not have any burrs and ensure that the screws do not protrude. 
Attuching the Otto Bock wrist unit to the Systemteknik hand
First feed the wiring from the coaxial plug into the cable hole in the hand chassis and then secure the coaxial plug o n the hand chassis with the screw which comes with the coaxial plug. Lead the wiring into the machined slot and then secure the hand chassis on the Systemteknik hand by using the four 2-56 machine screws and apply some Loctite to the threads of the screws. Once again, ensure that the screws are not protruding into the gearbox housing. If they do, use a small half-round needle file to file the ends of the screws and ensure the gear housing is smooth. Re-assemble the rest of the Otto Bock quick disconnect wrist unit (Fig. 5) .
Wiring
The wiring can be done in two ways depending on how the prosthesis is going to be controtled. If the hand is to be controlled myo-electrically the fou; wires from the coaxial plug have to be connected to the electronic package (the powerbridge) of the Systemteknik hand. However, if the hand is to be controlled by micro-switches, the wiring from the coaxial plug bypasses the power-bridge and is connected directly to the motor. The power-bridge is concealed in a plastic mould which forms the medial half of the palmar section. The current price (1983) of this unit is $250.00. Therefore, if the prosthesis is to be controlled by micro-switches it would be wise to remove the power-bridge from the hand and replace it by a plastic mould duplicated by taking a cast of the power-bridge. Figure 6 , indicates the wiring systems employed for myoelectrically controlled and micro-switch controlled hands.
Breakdown of costs ($ Canadian)
1) 10S1-45
Lamination collar $ 33.00 2) 9S73-6 314 Quick disconnect wrist unit 199.00 3) 9E168-6
Coaxial bushing 26.80 5) Cost of material and machining mould for wrist unit housing 50.00 6) 3-hour labour @ $39/h. 117.00 4) 1OS12-6 Powered wrist rotator 455.00 TOTAL $880.80
Case study
The case study involves a five-year-old girl with bilateral traumatic shoulder disarticulation due to high voltage bums. The patient was admitted to O.C.C.C. 24 months after surgery for clinical evaluation and upper limb prosthetic management. She was well advanced in the utilization of her lower extremities in the activities of her daily living.
The clinical prosthetic prescription was for bilateral micro-switch controlled electrically powered shoulder disarticulation prostheses with a powered wrist-rotator on the dominant side. It was because the patient had a good range of shoulder movement in various positions on both shoulders that the decision for a microswitch controlled prosthesis was made. Each type of movement such as shoulder elevation, shoulder depression, scapular abduction and adduction can have complete control of a powered device. For example, elevation of the shoulder joint can activate a set of double actuating micro-switches which control the flexion and extension of an electric elbow. In our experience as many as four powered devices can be installed in a prosthesis and independently controlled by micro-switches. This case study included three powered devices (electric elbow, electric hand and a powered electric wrist rotator) which were installed on the right side. Two devices (electric elbow and electric hand) were installed on the left non-dominant side.
During the first day of controls training with the prosthesis, she was able to write her name and perform quite satisfactorily a number of tasks on a teaching aid. She was able to pick up an object from one position and locate it to another place indicated by the therapist. Functional training with the prosthesis included feeding using knife and fork, school work, and partial dressing. The main emphasis was placed on bimanual activities using the less dominant side as an assistive prosthesis. This successful user of the prosthesis has a good attitude towards the prosthesis which fits well, is highly and readily functional and is cosmetically appealing to both the child user and the parents. No doubt the latter will influence the child's attitude towards the use of the prosthesis.
When the patient was undergoing functional training, excellent progress was reported. At present it appears that consequent on discharge some eight months ago usage declined, but renewed attempts to have the child use the device are in progress by the Therapy Department at the Houston Centre for Amputee Care which made the referral to our service.
Conclusion
These modifications of commercially available electrically powered prosthetic components readily facilitate prepositioning of the prosthetic hand and greatly enhance the function of child amputees. Details of the modifications are presented together with a typical case study.
